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The taxonomic significance of pollen morphology was assessed 
in 14 southern African species of Eugenia L. Up to now African 
species of Eugenia were considered to be androdioecious and 
therefore pollen from both male and hermaphrodite plants was 
compared. All the investigated species produce pronounced 
dimorphic pollen. Pollen from male flowers is typically 
myrtaceous and resembles that of consistently hermaphroditic 
species of Eugenia in other parts of the world. Grains are free, 
radially symmetrical, isopolar, oblate to peroblate, (17)20- 25(30) 
~m in equatorial diameter, triangular, goniotreme and 
tricolporate. Pollen from hermaphrodite flowers deviates 
considerably from the typical myrtaceous pattern. Grains are 
free, radially symmetrical, apolar or heteropolar, spheroidal, 
(22)28- 35(40) ~m in diameter and atreme or col pate. The lack 
of ora (endopores) suggests that these grains are most probably 
inviable (or almost so), thus rendering the flowers functionally 
female. All the investigated species therefore appear to be 
functionally dioecious. It was impossible to differentiate 
between species on the basis of palynological features. Neither 
did pollen morphology reflect a recently proposed subdivision 
of Eugenia in southern Africa. 
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Die taksonomiese waarde van stuifmeelmorfologie is by 14 
Suider-Afrikaanse Eugenia L.-spesies ondersoek. Tot nog toe is 
Eugenia in Afrika as androdiesies beskou en daarom is 
stuifmeel van beide manlike en tweeslagtige plante vergelyk. 
Uitgesproke dimorfiese stuifmeel word deur al die ondersoekte 
spesies geproduseer. Stuifmeel van manlike blomme is tipies 
Myrtaceae-agtig en stem met stuifmeel van die deurgaans 
tweeslagtige Eugenia-spesies in ander dele van die wereld 
ooreen. Korrels is vry, radiaalsimmetries, isopoler, oblaat tot 
peroblaat, (17)20- 25(30) ~m in ekwatoriale deursnee, driehoekig, 
goniotreem en trikolporaat. Stuifmeel van tweeslagtige blomme 
wyk opvallend van die tipiese Myrtaceae-patroon af. Korrels is 
vry, radiaalsimmetries, apoler of heteropoler, sfero'ldaal, 
(22)28 - 35(40) ~m in deursnee en atreem of kolpaat. Weens die 
afwesigheid van ora (endoporiee) word vermoed dat die korrels 
heel moontlik steriel (of so te se steriel) is. Dit impliseer dat die 
blomme funksioneel vroulik is. Dit wil gevolglik voorkom asof 
die ondersoekte spesies funksioneel tweehuisig is. Dit is 
onmoontlik om op grand van palinologiese kenmerke tussen die 
spesies te onderskei. Die onlangs voorgestelde onderverdeling 
van Eugenia in Suider-Afrika word ook nie deur die 
stuifmeelmorfologie weerspieel nie. 
S.-Afr. Tydskr. Plantk. 1985, 51: 371-378 
Keywords: Androdioecy, dioecy, Eugenia, Myrtaceae, pollen 
A.E. van Wyk* and Irma Dedekind 
H.G.W.J. Schweickerdt Herbarium, Department of Botany, University 
of Pretoria, Pretoria, 0002 Republic of South Africa 
*To whom correspondence should be addressed 
Accepted 30 May 1985 
Introduction 
The pollen morphology of Myrtaceae is fairly homogeneous 
and the family was considered by Erdtman (1952) to be 
stenopalynous. Subsequent studies have, however, revealed 
slight differences which make it possible to recognize certain 
genera or species (Pike 1956; Mcintyre 1%3; Gadek & Martin 
1981; Patel eta!. 1984). 
Eugenia s.str. constitutes several hundred species largely 
confined to the New World tropics. Relatively few species 
occur in Africa and the rest of the Old World. Recent studies 
have shown that Eugenia in southern Africa can be subdivided 
into two co-ordinate supraspecific groups (tentatively referred 
to as groups X and Y) of perhaps generic status (for references 
see Van Wyk & Botha 1984). A peculiar feature of these 
southern African members is that all the species of both 
groups X and Y show sexual dimorphism. Plants are andro-
dioecious, that is, some plants produce morphologically male 
and some morphologically hermaphrodite flowers. For 
Eugenia this condition has only been reported in African 
species (e.g. Amshoff 1958; White 1978). 
For a real understanding of the taxonomy of Eugenia all 
types of evidence need to be considered. Unfortunately 
palynological observations on Eugenia in southern Africa are 
scanty. In a comprehensive survey of the pollen morphology 
of Myrtaceae, mainly from the south-west Pacific area, Pike 
(1956) only briefly summarized the characteristic pollen 
features of the southern African E. a/banensis Sond. and E. 
capensis (Eckl. & Zeyh.) Sond. 
This paper reports on a detailed study of the pollen morph-
ology of Eugenia in southern Africa. Palynological data are 
considered with regard to the delimitation and definition of 
taxa - particularly the recently suggested supraspecific 
groupings. In addition, the morphology of pollen from both 
male and hermaphrodite flowers is compared. 
Materials and Methods 
The pollen of 14 southern African species of Eugenia was 
examined by light (LM) and scanning electron microscopy 
(SEM). Pollen from both hermaphrodite and male plants was 
considered. Species names and specimens examined are given 
in Table I. 
Polleniferous material was obtained from herbarium speci-
mens and treated by the acetolysis method (Erdtman 1960). 
For LM the treated grains were mounted in glycerine jelly 
and the cover slips sealed with paraffin wax. For SEM the 
pollen was air-dried from distilled water and sputter-coated 
with gold. 
Measurements of the equatorial diameter were made with 
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Table 1 Species of Eugenia studied and material examined. Unless otherwise 
indicated, all collection numbers are those of the first author and specimens 
are deposited in PRU 
Species 
Group X 
E. capensis (Eckl. & Zeyh.) Sond. 
E. cf mossambicensis Engl. 
Male 
2588; 2644 
2495; 2498 
Material examined 
Hermaphrodite 
2586; 2589; 2643 
2494 
E. natalitia Sond. 5988; Hemm 348 6852; Ward 5244 (PRE) 
4172; 4175; 4177; 4179 
5132 
E. simii Duemmer 
E. umtamvunensis Van Wyk 
4173; 4176; 4178; 5767 
5133 ; 5134 
Group Y 
3139; 3276 3140; Abbott 335 E. albanensis Sond. 
E. erythrophylla Strey 5287; Abbott 1462 Van Wyk & Venter 1312 & 
1314 
6124; 6128 E. verdoorniae Van Wyk 
E. woodii Duemmer 
E. zeyheri (Harv.) Harv. 
E. zuluensis Duemmer 
E. sp. A 
5578; Miiller 3735 
3126; 3129 
3280; Abbott 1016 
Hemm s.n.; Miiller 3736 
2417; 6851 
3292; 3295 
5075; 5077 
E. sp. B 4240; 4343 
E. sp. C 5096; 5104 
the aid of a projection LM and were usually based on at least 
20 grains per sample. Only the range encountered is supplied 
in this paper. In nearly all the samples the oblate/peroblate 
shape of the pollen resulted in all the grains being orientated 
on the slides with one of the poles facing uppermost. This 
prevented the taking of accurate measurements of the polar 
diameter. Polar diameter measurements were made from SEM 
micrographs just to confirm the oblate/peroblate shape (grains 
are usually somewhat collapsed/contracted, rendering mea-
surements from this source not very reliable for comparative 
purposes). 
The descriptive terminology used follows mainly Erdtman 
(1969) and the attempts at standardization offered by Reitzma 
(1970) and Nilsson & Muller (1978). In some instances alter-
native terms, used in a similar context by previous authors 
in descriptions of Myrtaceae pollen, are supplied in square 
brackets. Descriptors to indicate abundancy and frequency 
are based on those proposed by Schmid (1982). 
Results 
All the investigated species of Eugenia produce dimorphic 
pollen. Pollen grains from male and hermaphrodite flowers 
are regularly differentiated on size, shape and aperture 
features. There are no constant features with which individual 
grains can be identified with certainty to species. Neither could 
we find any consistent palynological differences between 
species groups X and Y. 
We shall refer to the pollen from male and hermaphrodite 
flowers as pollen types A and B, respectively. The morphology 
of pollen types A (Figures 1 - 12) and B (Figures 13- 22) is 
separately described below. These general descriptions include 
the entire range of variability for all the investigated samples. 
Outstanding differences between the two types of pollen are 
summarized in Table 2. 
Pollen type A (male flowers) 
Pollen shed as monads. Grains radially symmetrical 
[radiosymmetrical], isopolar, oblate to peroblate, (17)20- 25 
(30) 11m equatorial diameter. Amb triangular, sides of amb 
slightly convex or occasionally straight, angles obtuse 
3291; 3294 
5078; 5079 
4239 
5099; 5106 
Table 2 Summary of main morphological distinctions 
between pollen of male and hermaphrodite plants in 
Eugenia 
Character Male Hermaphrodite 
Polarity Isopolar Apolar or heteropolar 
Size (equatorial (17)20 - 25(30) ~m (22)28 - 35( 40) ~m 
diameter) 
Shape Oblate to peroblate Spheroidal 
Amb/outline Triangular Circular 
Aperture type Tricolporate Atreme or colpate 
Colpus pattern Regularly longicol- Often anastomosing 
pate, syncolpate or but without definite 
tending to be para- pattern; often with 
syncolpate only one large ± 
circular colpus 
Vestibula Present Absent 
Exine thickness l - 1,3 ~m 2 - 2,5 ~m 
[rounded], goniotreme [angulaperturate]. Grains tricolporate 
(very rarely di- or tetracolporate). Colpi [ectoapertures; 
meridional colpi] well defined, ca. 0,5 11m wide towards 
equatorial region, arcuate (when syncolpate), either longi-
colpate, syncolpate or tending to be parasyncolpate (but never 
with regularly shaped apocolpia). Ora [endoapertures; equa-
torial colpi; endocolpi] distinct, apparently lalongate. Vestibula 
nearly always apparent, up to 6 11m wide, 1 11m deep at apex. 
Exine 1-1,3 11m thick, sexine [ektexine sensu Faegri & Iversen 
(1950) but not (1964)] and nexine [endexine sensu Faegri & 
Iversen (1950) but not (1964)] of approximately equal thickness 
but occasionally not clearly distinguishable. Sexine pertectate, 
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Figures 1 - 6 Pollen from male plants. SEM micrographs of grains in polar view. 1. E. umtamvunensis (Van Wyk 5133). 2. E. zuluensis (Van 
Wyk 3295). 3. E. sp. A (Van Wyk 5075). 4. E. woodii (Van Wyk 5578). 5. E. zeyheri (Van Wyk 3129), the grains of this sample are rather 
atypical in having a more rounded amb and supratectal processes which tend to be clavate. 6. E. sp. B (Van Wyk 4240), grain somewhat inclined. 
Scale line = 5 11m. 
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unstructured in optical section. Sexine surface with microsca-
brate, microrugulate, rugulate or very rarely microclavate 
sculpturing, occasionally with a narrow unsculptured zone 
bordering the colpi only in the equatorial area. Colpus 
membrane smooth or usually with scattered sexine elements 
(verrucae or gemmae), particularly in the area of colpal fusion 
in syncolpate grains. If these elements are densely packed the 
sculpturing of the latter areas resembles that of the mesocolpia 
and may be considered rudimentary apocolpia. 
In pollen type A grain size, aperture number, shape of amb, 
apocolpal occurrence and sexine sculpture may show intra-
specific variation. Grain size varies within fairly narrow limits 
(usually ± 3 f.!m, rarely up to 8 f.!m) within and between 
samples. The grains are nearly always tricolporate. Small 
numbers ( ± 1 OJo) of di- and especially tetracolporate grains 
were occasionally present in some samples. Variation in the 
shape of the amb may be due to volume changes within the 
grain. More or less straight amb sides tend to be more frequent 
in samples from species group X. It is the feature most 
suggestive of a distinction between species groups X and Y, 
but unfortunately the considerable intraspecific variation 
renders this character taxonomically unreliable. The degree 
of fusion between the colpi in the polar region varies 
considerably both within and between samples. Usually the 
majority of grains in a sample are either syncolpate (Figures 
1, 2 & 6) or longicolpate (Figures 3, 4, 5, 7 & 11) with at 
7 8 
10 11 
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least some of the other type also being present. No true 
parasyncolpate grains were recorded. However, in syncolpate 
grains the colpus membrane over the poles is usually covered 
by verrucae or gemmae (Figures 1, 2 & 6). The density of 
these sexine elements is very variable even withiil the same 
sample. If fairly densely arranged the unevenly outlined or 
interrupted 'islands' of sexine at the poles may be considered, 
but doubtfully, rudimentary apocolpia. The situation appears 
to be close to what Barth & Barbosa (1972) would call irre-
gularly parasyncolpate (p.469: 'irregularmente parassincol-
pado'). Sexine sculpture of the mesocolpia is reasonably 
constant within a sample but the coarseness of the pattern 
usually varies between samples. 
Pollen type B (hermaphrodite flowers) 
Pollen shed as monads. Grains radially symmetrical, apolar 
or heteropolar, spheroidal, (22)28- 35(40) f.!m equatorial 
diameter. Outline circular. Grains atreme [inaperturate] or 
colpate (colpi often not discernible with the LM). Colpus or 
colpi (if present) well defined, ca. 0,5 f.!m wide and of variable 
length, usually continuous, forming variable but occasionally 
more or less circular patterns often confmed to one hemisphere 
(grains then considered heteropolar). Ora and vestibula absent. 
Exine 2- 2,5 f.!m thick, sexine and nexine not clearly 
distinguishable. Sexine sculpture as in pollen type A. Colpus 
membrane more or less granulate. 
9 
12 
Figures 7 - 12 Pollen from male plants. LM micrographs of grains in polar view. 7 & 8. E. natalitia (Van Wyk 5988), surface focus and optical 
cross-section, respectively (different grains). 9. E. woodii (Van Wyk 5578), compare Figure 4. 10. E. simii (Van Wyk 4176) showing very narrow 
vestibula in optical cross-section- compare Figure 12. 11 & 12. E. simii (Van Wyk 4178), surface focus and optical cross-section, respectively 
(same grain) - note conspicuous vestibula in 12. Scale line = 10 !liD. 
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Figures 13-18 Pollen from hermaphrodite plants. SEM micrographs showing variable pattern of col pi. 13. E. simii (Van Wyk 4175), atreme 
although colpus could be present on other side. 14. E. cf. mossambicensis (Van Wyk 2494) showing a short colpoid streak. 15 & 16. E. woodii 
(Muller 3736) showing ± circular colpoid streaks. 17. E. zuluensis (Van Wyk 3294). 18. E. albanensis (Abbott 335). Scale line = 5 jlm. 
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Pollen type B also shows intraspecific variation in characters 
such as grain size, coarseness of sexine sculpture and parti-
cularly the occurrence and pattern of the colpus (or colpi). 
Grains up to 40 J.Lm in diameter were recorded in some 
samples of E. capensis and E. simii. Although this relatively 
large grain size is not constant for the species, the potential 
to produce grains this size could perhaps well be. However, 
many more samples need to be studied to substantiate such 
a claim. In the majority of investigated samples grain size 
ranged from 28- 35 J.Lm. Both apparently atreme and colpate 
grains were present in each sample - the relative proportions 
varying from sample to sample. Many different, usually asym-
metrical, colpus patterns were present in a sample (Figures 
13 -19). A single colpus forming a more or less circular 
pattern of variable size was encountered quite frequently 
(Figures 15 & 16). However, the typical myrtaceous tricol-
porate pattern recorded in pollen type A was never recorded 
in pollen type B. Although sexine sculpture resembles that 
of pollen type A, a tendency for the supratectal processes to 
19 
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coalesce, resulting in scattered smooth surfaced areas, was 
observed in some samples of E. simii and E. capensis (Figure 
13). 
Discussion 
In general the pollen grains of Myrtaceae are free, small to 
medium, radially symmetrical, isopolar, tricolporate, gonio-
treme, oblate-elliptical, syncolpate or parasyncolpate with a 
triangular amb and a smooth or faintly patterned sexine sur-
face (Erdtman 1952, 1966; Pike 1956; Mcintyre 1963; Gadek 
& Martin 1981; Patel eta!. 1984). Pollen type A is therefore 
typically myrtaceous. It is morphologically similar to the pollen 
of Eugenia s.str. species from both the New World (Fernandes 
1967; Barth & Barbosa 1972; Lieu & Melhem 1973; Carreira 
1976; Graham 1980) and other parts of the Old World 
(Kubitzki 1965). The observed intraspecific variation in pollen 
morphological features and the difficulty to apply these 
features taxonomically at the species level also agree with the 
observations on Eugenia in other parts of the world (Barth 
20 
Figures 19 - 22 Pollen from hermaphrodite plants. LM micrographs of grains in optical cross-section. 19. E. woodii (Muller 3736), compare Figures 
15 & 16. 20. E. natalitia (Ward 5244). 21 & 22. E. albanensis (Abbott 335), different grains - note three colpoid grooves cutting through the 
sexine (?) in 22. Scale line = 10 ,..m. 
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& Barbosa 1972; Graham 1980). 
Morphologically typical Eugenia pollen (cf pollen type A 
in southern African species) cannot be distinguished from the 
pollen of a number of related as well as unrelated genera of 
the Myrtaceae (Pike 1956; Barth & Barbosa 1972; Lieu & 
Melhem 1973; Graham 1980). The diagnostic characters to 
differentiate between Eugenia and related genera claimed by 
Stellfeld (1968) do not seem to be valid in view of the few 
samples considered in the study. Hence, the lack of distin-
guishing features to differentiate between pollen type A in 
species groups X and Y does not necessarily either invalidate 
or justify the proposed taxonomic treatment of the southern 
African species of Eugenia. 
This is the first report of dimorphic pollen occurring in 
Myrtaceae. The phenomenon went undetected when Pike 
(1956) studied two southern African species because both 
available samples were from male plants. Known cases of 
pollen dimorphism in other families are often associated with 
heterostyly (e.g. Erdtman 1952, 1969; Lewis 1979; Shivanna 
eta!. 1983) and, with few exceptions (Baker 1956), lack the 
pronounced morphological differences encountered during the 
present study. It is also intriguing that the same phenomenon 
should be present in both species groups X and Y (which in 
many non-palynological features do not seem to be very 
closely related) but apparently absent in Eugenia from other 
parts of the world. Whether this represents parallel or con-
vergent trends in specialization of the grains is not yet clear. 
Pollen dimorphism also associated with morphological 
androdioecy and therefore rather similar to that in Eugenia 
was reported in species of Tetracera L. and Saurauia Willd. 
(Dilleniaceae) (Kubitzki & Baretta-Kuipers 1969; Haber & 
Bawa 1984). Tetracera is represented in both the New and 
Old Worlds but androdioecy is present only in the New World 
species. This is exactly the reverse of the situation in Eugenia. 
Male plants of Tetracera have tricolporate pollen (pollen type 
A) whereas that of hermaphrodites (although described as 
inaperturate) only has 5-7 endopores bordered by costae 
(pollen type B). The latter grains were assumed to be sterile 
and the authors suggested that the species involved were most 
probably functionally dioecious. In Tetracera pollen type A 
is confined to the Old World species (all with flowers herma-
phrodite) and to male flowers of the New World species. 
Pollen type B only occurs in the hermaphrodite flowers of 
the New World species. 
It is suspected that in Eugenia pollen type B is inviable (or 
almost so). This would mean that the southern African (and 
probably Mrican) species of Eugenia are functionally 
dioecious and not truly androdioecious. This would tie in with 
the recent statement of Charlesworth (1984) that true andro-
dioecy appears to be extremely rare. In fact, all the claimed 
cases of androdioecy reviewed by this author appear to involve 
functional dioecy, with females retaining substantial anther 
vestiges. Studies on the pollen viability and reproductive 
biology of Eugenia in southern Africa are under way and will 
be reported elsewhere. 
Besides the presence of a sexine and nexine layer, LM 
analysis did not reveal structural elements in the exine of any 
of the investigated species of Eugenia. It should, however, 
be pointed out that in Myrtaceae the small grain size and the 
resolution of the LM limit the extent to which exine structure 
can be interpreted. Ultrastructural exine analysis by trans-
mission electron microscopy of the grains of a number of 
species of Myrtaceae (not Eugenia) shows the presence of a 
somewhat unstructured, granulate infratectal layer and a 
granular/alveolate nexine layer around the ora (Lugardon & 
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Van Campo 1978; Gadek & Martin 1982). Such a granulate 
infratectallayer is of restricted occurrence among angiosperm 
pollen (Van Campo 1976; Walker 1976). 
We have no ontogenetic evidence for pollen of Eugenia to 
account for the morphological differences between pollen 
types A and B. However, Wodehouse (1935) concluded that 
the number and arrangement of apertures in the grains of 
most dicotyledons are determined by the tetrahedral or other 
arrangement incident to their formation in the tetrad. Conse-
quently we postulate thai in pollen type A the number and 
position of the colpi and ora are determined by the tetrahedral 
arrangement of the grains in the tetrad group. For pollen type 
B we postulate that either the four daughter cells produced 
by meiosis do not get into the tetrahedral position but assume 
some other arrangement, or that the pollen mother cells do 
not undergo meiosis but develop directly into pollen grains 
(perhaps preceded by some mitotic divisions). Presumably the 
latter grains are produced only to attract pollinators and it 
is therefore quite possible that meiosis could have become 
redundant. The tendency for the colpi to coalesce and to form 
asymmetrical patterns in these spheroidal grains also seems 
to conform to predictions based on the 'Law of equal tricon-
vergent angles' proposed by Wodehouse (1935). 
It would be of interest to learn whether evidence from fossil 
pollen grains could shed some light on the evolutionary 
sequence that produced the existing sexual state in African 
species of Eugenia. The distribution pattern of Myrtaceae is 
clearly Gondwanic (Johnson & Briggs 1981) and microfossils 
attributed to Myrtaceae are common in geological deposits 
of various ages, especially those of the Cenozoic (e.g. Pike 
1956; Mcintyre 1963; Graham 1980; Coetzee eta!. 1983). We 
would therefore like to alert students of geopalynology to be 
on the look-out for grains similar to type B. These grains are 
very distinctive but so different from typical Myrtaceae pollen 
that, if they have been encountered in the past, they have 
probably never been linked to this family . 
Acknowledgements 
We are indebted to Profs P.J. Robbertse, and P.D.F. Kok 
and Mrs. E. du Plessis for their critical reading of the manu-
script. This study was supported in part by research grants 
from the South African C.S.l.R. and the University of 
Pretoria. 
References 
AMSHOFF, G.J.H. 1958. Notes on Myrtaceae. VII. Myrtaceae of 
French Equatorial Africa. Acta bot. neerl. 7: 53 - 58. 
BAKER, H.G. 1956. Pollen dimorphism in the Rubiaceae. 
Evolution 10: 23 - 31. 
BARTH, O.M. & BARBOSA, A.F. 1972. Cata.Iogo systematico dos 
pollens das plantas arb6reas do Brasil meridional XV: 
Myrtaceae. Mems Jnst. Oswaldo Cruz 70: 467 - 497. 
CARREIRA, L.M.M. 1976. Myrtaceae. In: Morfologia polinica de 
plantas lenhosas da Campina. Acta Amazonica 6: 247- 269. 
CHARLESWORTH, D. 1984. Androdioecy and the evolution of 
dioecy. Bioi. J. Linn. Soc. 23: 333-348. 
COETZEE, J.A., SCHOLTZ, A. & DEACON, H.J. 1983. 
Palynological studies and the vegetation history of the fynbos. 
In: Fynbos palaeoecology: A preliminary synthesis, eds Deacon, 
H .J., Hendey, Q.B. & Lambrechts, J .J .N. S.A. Nat. Sci. 
Programmes Report no. 75. C.S.I.R., Pretoria. pp. 156-173. 
ERDTMAN, G. 1952. Pollen morphology and plant taxonomy-
Angiosperms, 1st edn. Almquist & Wiksell, Stockholm. 
ERDTMAN, G. 1960. The acetolysis method. A revised 
description. Svensk bot. Tidskr. 54: 561 - 564. 
ERDTMAN, G. 1966. Pollen morphology and plant taxonomy-
Angiosperms, 2nd edn. Hafner Publishing Company, New 
York . 
378 
ERDTMAN, G. 1969. Handbook of palynology. Munksgaard, 
Copenhagen. 
FAEGRI, K. & IVERSEN, J. 1950. Textbook of modern pollen 
analysis. Munksgaard, Copenhagen. 
FAEGRI, K. & IVERSEN, J. 1964. Textbook of modern pollen 
analysis, 2nd edn. Munksgaard, Copenhagen. 
FERNANDES, E. DE C. L. 1967. Morfologia dos gra.os de 
p6len de is6tipos de Myrtaceae Paranaenses. Botfinica 18: I- 25 . 
GADEK, P.A. & MARTIN, H.A. 1981. Pollen morphology in the 
subtribe Metrosiderinae of the Leptospermoideae (Myrtaceae) 
and its taxonomic significance. Aust. J. Bot. 29: 159-184. 
GADEK, P.A. & MARTIN, H.A. 1982. Exine ultrastructure of 
myrtaceous pollen. Aust. J. Bot. 30: 75 - 86. 
GRAHAM, A. 1980. Morfologia del polen de Eugenia!Myrcia 
(Myrtaceae) y Combretum!Termina!ia (Combretaceae) en 
relaci6n a su alcance estratigrafico el Terciario del Caribe. 
Biotica (Mex.) 5: 5- 14. 
HABER, W.A. & BAWA, K.S. 1984. Evolution of dioecy in 
Saurauia (Dilleniaceae) Ann. Mo. bot. Gdn 71: 289-293. 
JOHNSON, L.A.S. & BRIGGS, B.G. 1981. Three old southern 
families - Myrtaceae, Proteaceae and Restionaceae. In: 
Ecological Biogeography of Australia, ed. Keast, A. W. Junk, 
The Hague. 
KUBITZKI, K. 1965. Myrtaceae (fam. 152). In: Palynologia 
Madagassica et Mascarenica. Pol/en Spores 7: 49 I - 507. 
KUBITZKI, K. & BARETTA-KUIPERS, T. 1969. 
Pollendimorphie und Androdiozie bei Tetracera (Dilleniaceae). 
Naturwissenschaften 56: 2 I 9- 220. 
LEWIS, D. 1979. Sexual incompatibility in plants (Studies in 
biology no. I 10). Edward Arnold, London. 
LIEU, J. & MELHEM, T.S. 1973. Palinologia em Myrtaceae. 
Hoehnea 3: I -11. 
LUGARDON, B. & VAN CAMPO, M. 1978. Structure grenue 
infratectale chez les Myrtaceae et les Proteaceae. Jn!. Pa!yno!. 
14: 22 - 29. 
S.-Afr. Tydskr. Plantk., 1985, 51(5) 
MciNTYRE, D.J. 1963. Pollen morphology of New Zealand 
species of Myrtaceae. Trans. R. Soc. N.Z., Botany 2: 83- 107. 
NILSSON, S. & MULLER, J. 1978. Recommended palynological 
terms and definitions. Grana 17: 55-58. 
PATEL, V.C., SKVARLA, J .J . & RAVEN, P.H. 1984 [1985]. 
Pollen characters in relation to the delimitation of Myrtales. 
Ann. Mo. bot. Gdn 71: 858-969. 
PIKE, K.M. 1956. Pollen morphology of Myrtaceae from the 
south-west Pacific area. Aust. J. Bot. 4: 13-53. 
REITSMA, T. 1970. Suggestions towards unification of descriptive 
terminology of angiosperm pollen grains. Rev. Pa/aeobot. & 
Pa!yno!. 10: 39- 60. 
SCHMID, R. 1982. Descriptors used to indicate abundance and 
frequency in ecology and systematics. Taxon 3 I: 89- 94. 
SHIVANNA, K.R., HESLOP-HARRISON, J. & HESLOP-
HARRISON, Y. 1983. Heterostyly in Primu!a. 3. Pollen water 
economy: A factor in the intramorph-incompatibility response. 
Protop!asma 117: 175- 184. 
STELLFELD, C. 1968. Contribui~ao para a sistematica das 
mirt<keas (Myrtoideae). Trib. farm., Curitiba 36: 3- 8. 
VAN CAMPO, M. 1976. Patterns of pollen morphological 
variation within taxa. In: The evolutionary significance of the 
exine, eds Ferguson, I.K. & Muller, J. Academic Press, 
London. pp. 251 - 291. 
VANWYK, A.E. & BOTHA, R. 1984. The genus Eugenia 
(Myrtaceae) in southern Africa: Ontogeny and taxonomic value 
of the seed. S. Afr. J. Bot. 3: 63-80. 
WALKER, J.W. 1976. Evolutionary significance of the exine in 
the pollen of primitive angiosperms. In: The evolutionary 
significance of the exine, eds Ferguson, I.K. & Muller, J. 
Academic Press, London. pp. 251-291. 
WHITE, F. 1978. Myrtaceae. In: Flora Zambesiaca 4: 183-212. 
Flora Zambesiaca Managing Committee, London. 
WODEHOUSE, R.P. 1935 . Pollen grains. McGraw Hill Book 
Co., New York. 
